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Abstract—A transverse mode-switching method was proposed and demonstrated in a high-power ytterbium-doped fiber 
oscillator. 17.8 W LP11 mode laser was obtained, and it could be switched to 16.5 W LP01 mode laser through temperature 
control.  
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I. INTRODUCTION 
Fiber lasers with specific higher-order modes are desired in many applications owing to their unique spatial intensity, phase 
and polarization distributions [1-5]. Therefore, fiber lasers with transverse mode switchable property are desired because of 
flexibility and universal applicability. Traditional methods of implementing mode switchable operation includes using few-
mode fiber Bragg grating (FBG) combined with a tunable filter [6], a spatial light modulator [7], or a polarization controller [8], 
active control using algorithm [9] or acousto-optic modulation [10], and applying pressure to long-period grating (LPG) [11] 
etc. Through power amplification, several hundred-watt level transverse mode-switchable fiber lasers have been obtained both 
in continue-wave and pulsed operations [9, 11]. However, the power of the mode-switchable fiber oscillator is almost no more 
than 1 W [6, 12-13]. Further power scaling of mode-switchable fiber laser could reduce the amplification stages and make the 
whole system more compact. 
In this paper, we report a mode switchable Yb-doped fiber oscillator through temperature control of few-mode FBGs. Pure 
LP11 mode fiber laser based on few-mode FBGs has been obtained in our previous experiment [14]. By tuning the temperature, 
LP01 mode laser could also generate in the same cavity. Around 17 W output power was obtained and almost kept unchanged 
during mode switching process, which, so far as we know, is the record power in terms of transverse mode-switchable all-fiber 
laser. 
II. EXPERIMENTAL SETUP 
The experimental setup is shown in Fig. 1. Two laser diodes (LDs) were connected with the input ports of the combiner to 
serve as pump source. A piece of 3.5-meter-long Yb-doped fiber (YDF) was used as gain medium, the core and cladding 
diameters of which are 15 and 130 μm, respectively. Cladding mode stripper, which is made of a high refractive index glue, 
was coated on the bare fiber around the splicing point to remove the cladding light and protect the high reflectivity (HR) FBG. 
Both the two output ends are angle-cleaved with 8° to avoid unexpected reflection. 
 Fig. 1. Experimental setup of mode switchable Yb-doped fiber laser. HR: high reflectivity, FBG: fiber Bragg grating, CMS: cladding mode stripper, YDF: 
Yb-doped fiber, LD: laser diode. 
The HR FBG was written on a piece of SMF-28 fiber, the reflectivity of which is 98.1 %. The core and cladding diameters 
of SMF-28 fiber is 8.2 and 125 μm, respectively. In contrast, a piece of 15/130 μm was selected to fabricate the low reflectivity 
(LR) FBG. The reflectivity of the LR FBG is 73.7 %, which is higher than that in traditional fiber laser configuration in order to 
enhance the gain. Both the SMF-28 fiber and 15/130 fiber are few mode fibers and support LP01 and LP11 mode [15]. By using 
FBGs with different types of fiber, the reflection peaks corresponding to LP11 mode could match, while that of LP01 mode 
could be staggered as shown in Fig. 2. As the ambient temperature of the FBG increases, the reflection peaks would show 
redshift trend [15]. In this experiment, the HR FBG was placed on a cooler, while the LR FBG was put on an oven. The 
temperature difference between the cooler and over could reach 60 K. In this way, the reflection peaks of the LP01 modes could 
be matched by adjusting the temperature difference. It is the basic mechanism of mode switchable operation. Considering the 
mismatch of core diameters between the YDF and HR FBG, backward pump configuration was chosen. 
 
Fig. 2. The reflection spectra of the HR FBG and LR FBG 
III. RESULTS AND DISCUSSION 
At room temperature, i.e. around 298 K, the LP11 mode laser would lase. As the pump power increases, the FBGs would be 
heated up. In this case, the temperature control platform only plays a role of maintaining stability. The central wavelength of 
LP11 mode laser at the pump power of 3.5 W is 1059.4 nm, as shown at the bottom of Fig. 3. As the temperature rises, another 
wavelength component at 1060.1 nm, i.e. LP01 mode, occurs as shown in the middle of Fig. 3. The intensity of LP01 mode 
component gradually exceeds that of the LP11 mode. According to the spectra evolution in the experiment, the central 
wavelength of output laser would redshift about 0.02 nm when the temperature difference increases by 1 K. Since the interval 
between the reflection peaks of LP01 mode and LP11 mode is ~0.9 nm, it is estimated that about 45 K temperature difference is 
required to realize mode switching process. In the experiment, the temperature difference continues to be increased. When the 
temperature difference becomes 49 K, pure LP01 mode is obtained as depicted at the top of Fig. 3. The corresponding beam 
 
 
profiles were recorded by a CCD camera and presented as insets. Fig. 4 gives the output power curve at these two temperature 
as the pump power grows. The maximum power of LP11 mode output is 17.8 W with the slope efficiency of 44.4 %. The 
maximum output power of LP01 is 16.5 W, and the slope efficiency is 43.3%. By comparison, the output power and efficiency 
of the two operation modes are nearly the same. The results above verifies that the mode-switching method based on 
temperature control of few-mode FBGs could be applied in high power fiber laser. 
 
Fig. 3. The evolution of the output spectra from LP11 mode (bottom) to hybrid state (middle) to LP01 mode (top); and the corresponding beam profile at the 
pump power of 3.5 W (inset) 
 
Fig. 4. The power curve of the LP11 and LP01 mode fiber laser 
IV. CONCLUSION 
In conclusion, we demonstrated a mode switchable Yb-doped fiber laser by adjusting the temperature of few-mode FBGs. 
17.8 W LP11 mode fiber laser was obtained with the slope efficiency of 44.4 %, while the output power of LP01 mode fiber laser 
could reach 16.5 W with the slope efficiency of 43.3 %. To the best of our knowledge, it is the first demonstration of mode-
switchable fiber laser, and the output power is increased by 2 orders of magnitude compared with previous demonstrations. The 
 
 
results show that temperature controlling method could provide a practical laser source for applications that require mode 
switching and high power operation. 
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